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HE PELTON WATER WHEEL 


Embracing in it variations of construction and application 


THE PELTON SYSTEM OF POWER. 
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An Important Connecting Link in Compressed fiir Service 
0 Moran Flexible Joint 


For high pressure, indispensible. 

Tightness, satety, flexibility and durability 
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Parties making experiments with Compressed 
Air may have the use of the ‘‘Moran Joint,” 


free for a limited time. 
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We present in this issue the case of 
Pneumatic Traction as it stands up to date. 
Special attention is called to the facts and 
figures given by Mr. Pettee in the paper 
entitled, ‘‘Cost of Operating Air Cars in 
New York City."’ That the Hardie air 
motor represents an advance in street car 
propulsion by compressed air, will, we 
think, be generally admitted. One of these 
cars has been in continuous operation in 
New York since last August, carrying 
passengers, and to all outward appearances 
differing but little from the regular cable 
and electric cars. Thisisthe first time that 
a compressed air car has done regular and 
successful commercial service in America 
for any length of time. All previous at- 
tempts may be classed as experimental and 
it is a fact worthy of notice that these ex- 
periments have usually failed to produce 
permanent results, not because of mechan- 
ical failures but owing to lack of funds. 
To develop a new system of power for tram- 
ways is an undertaking which involves a 
large expenditure of money. Those who 
are familiar with the early experiments 
with the trolley know how expensive it 


was to get started, and what an enormous 
amount of money was consumed in experi- 
ments before commercial success was 
reached. The late Mr. Franklin Leonard 
Pope said that compressed air traction 
would now be successful, had there been 
spent upon it even a fractional part of the 
money and brains that have been used in 
the development of electricity as a motive 
power for street railroads. Electricity has 
always been popular asan investment. Its 
marvelous success in the telegraph, tele- 
phone and elsewhere led capitalists to con- 
tribute largely toward its use for street 
cars, and its final success was the result of 
the strong combination of capital and 
brains, which combined steadily and faith- 
fully through so many years. 

It is only during recent years that the 
storage system of compressed air traction 
has been made practicable. A successful 
storage system involves an air compressor 
capable of economically producing air 
power at a pressure of about 2o000lbs. per 
square inch. In orderto do this economi- 
cally, compound compression becomes 
necessary. The modern high duty com- 
pound compressor consists of four cylinders 
compressing in fou: stages with intercoolers 
between each stage. A Corliss engine fur- 
nishes the power and the air is delivered 
at 2500 lbs. per square inch, and at a tem- 
perature about equal to that in the initial 
stage. The heat loss, that is the loss of 
power due to the heat of compression, 
which at these high pressures with single 
stage compressors was as high as 50%, is 
now brought down to 177. In addition to 
this, the Corliss mechanism produces a H. 
Pp. with an evaporation of less than 16 lbs. 
of water, consuming less than 2 lbs. of 
coal. After compression the air is stored 
in tubes which are made of solid ingots of 
mild steel free from welds and capable of 
standing pressures as high as 4ooo lbs. per 
square inch. It isonly during recent years 
that these storage reservoirs have been 
brought to the point of absolute safety. 
Thus we see that air power may be pro- 
duced and stored safely and economically, 
and as compressed air is capable of driving 
an engine designed for steam power, the 
problem resolves itself to a common reci- 
procating engine as a motor to drive the 
car. For the sake of economy the air 
motor is of special construction, using hot 
air and cutting off early in the stroke, ex- 
panding and exhausting at atmospheric 
pressure. 
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HISTORY. 

From historical research it appears that 
compressed air for conveying passengers 
has always been under consideration. 
Nearly allexperiments hayeserved to prove 
the mechanical power of the atmosphere; 
and the question, how it could be cou- 
verted into a motive power, available for 
the conveniences of society, has been a 
problem of great interest to engineers. 
More than two centuries ago the notion 
was entertained of producing motion 
economically for the purpose of transit 
by means of the pressure of the atmo- 
sphere. The original thought may at least 
be traced back with certainty to the cele- 
brated Dr. Papin. In the year 1810, a 

roposal was made by Medhurst, the Dan- 
ish engineer, to put letters and goods and 
passengers in a canal, 6 ft. high and 5 ft. 
wide, and containing a road of stone and 
iron, and project them by means of atino- 
spheric rarefaction and condensation. 

In 1824, an Englishman, Mr. Vallance, 
made a similar suggestion. His daring 
plan was to connect Brighton and London 





by means of an enormous tube, through 
which, by pumping out the air, carriages 
were to be propelled with the velocity of 
a cannon ball, Other plans of equally 
novel character were considered at various 


periods. 
The Pneumatic Parcel Despatch Com- 
pany, of London, about the year 1865, suc- 


cessiully worked a pneumatic line while it 
was designed for parcels, was capable of 
carrying passengers. (See illustration.) 

The construction of the tube between 
Euston Square Station and the Northwes- 
tern Post Office in Eversholt, is described 
as most simple, cheap and effective, and 
reflected great credit upon its engineer, 
Mr. Rammiel, for the ease and certainty 
with which the air from the /avs sends one 
or more carriages, heavily laden, from one 
end to the other. Other demonstrations were 
made on this same line. At the Polytech- 
nic of London, a little model of wood was 
constructed about 20 feet long. There 
were two carriages; the passengers con- 
sisted of a party of white mice, and they 
were blown from one end tothe other by 
means of a blast of air. 
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TRIAL OF 


Recent Experiments in Compressed Air 


Motors. 


In 1880, it was thought Col. Beaumont, 
R. E., of England, had effected a locomo- 
tive that had mastered the problem of 
compressed air for traction purposes. The 
construction of the engine was based upon 
the principle of utilizing the entire power 
stored up in compressed air, no matter 
how high the pressure should be. This 
was effected by admitting the air into suc- 
cessive cylinders, having different areas, 
commencing with the smallest, and in 
making provision by which, as the pressure 
fell in the reservoir the consumption of 
air can be increased. In appearance the 
engine differed from an ordinary locemo- 
tive, the absence of a funnel or other 
outlet for smoke or steam being a promi- 
nent departure. 

Col, Beaumont was allowed by the British 
Governmeut to experiment in the Royal 
Arsenal, Woolwich. 

A difficulty met with in the Beaumont 
method, was the tendency to produce ex- 
treme cold, which became condensed and 
frozen on the working parts. Reports of 
tests however, show that very good results 
were obtained. 


THE BEAUMONT COMPRESSED AIR MOTOR AT 


WOOLWICH ARSENAL, ENGLAND, 


The First Street Railway. 


The first ancestor of the street railway 
was the tramway. Tramways were first 
introduced in the coal mining districts of 
the North of lingland, between the years 
of 1602 and 1649. They consisted of 
parallel lines of wooden trams or beams, 
pinned down to the ground, with flanges 
on them, and not on the wheels as now. 
Coal wagons were drawn to and fro along 
these flanged trams from the coal pits to 
the shipping ports. The first use of iron 
on these tramways was in 1767, when cast 
iron plates were nailed down on timbers 
to protect them where they wore out the 
fastest. ‘The plates or rails, were cast in 
sections five feet long, four inches wide 
and an inch and a half thick. Alliron 
rails were cast until rolled wrought-iron 
rails were introduced in 1820. The width 
of the tramways was about four feet, eight 
and one-half inches, because that happened 
to be the usual width of wagon tracks in 
that region, Horse railroads of a crude 
type were in use in England in 1805. We 
find in that year five were chartered by act 
of Parliament; sixteen were chartered in 
1815, and thirty-two in 1825. After that 
it seems to have become a lost art in Eng- 
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THE MEKARSKI SYSTEM. 


land, as the modern tramway was not em- 
ployed until 1832, at which date, the first 
street car line for passengers was built on 
Fourth Avenue, New York. The system 
was not considered a success, however, 
until twenty years after, or in 1852, when 
a second line was constructed, and from 
this date the system spread rapidly through- 
out the United States. In 1860, George 
Francis Train attempted to introduce the 
present type of street railway into Eng- 
land. 

A line was laid on one of the roads of 
Birkenhead, and the following year a tem- 
porary footing was obtained within the 
suburbs of London. Owing to opposition 
created by prejudice, the system was ex- 
tinguished for some years, and was not 
successfully revived till 1868, when by act 
of Parliament, permission was obtained for 
a system of horse railroadsin Liverpool. 
Following this there was a rapid develop- 
ment of horse street railroads on the con- 
tinent and other parts of the civilized 
world. 


The Vincennes-Ville Evrard Compressed 
Air Tramway. 


In 1888, a tramway was constructed from 
Vincennes to Ville Evrard, and the Mekar- 
ski compressed air cars put in operation. 
The system then employed consisted of a 
motive fluid, not cold and dry compressed 
air, but a mixture of air and steam. This 
was done because it was known that com- 
pressed air when expanding produced a 
strong depression of temperature, the steam 
in giving up its heat limits such depression, 
which is the cause of a great loss of power. 
Air was used under low pressure. A regu- 
lator was interposed between the com- 
pressed air reservoirs and the engine; (1) 
a heater that serves for obtaining the mo- 
tive fluid, and (2) a regulator or expander 
that serves for sending the gaseous mixture 
to the cylinders under a constant pressure, 
whatever be the pressure in the reservoirs. 
The results obtained show it to be a most 
economical process. An examination of 
the figures for several years showed that 
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PLAN SHOWING AN 


animal traction cost from 23 to 15 cents 
per mile, and steam propulsion cost 20 to 
15 cents per mile, and compressed air pro- 
pulsion at Nantes cost less than 12 cents 
per mile. 

The line mentioned is 58 miles in length. 
It runs through the Bois de Vincennes, 
passes near Fontenay-Sous-Bois, goes to 
Nogent-Sur-Marne and Perreux, touches 
Neuilly-Sur-Marne, and finally ends at the 
departmental asylum of Ville Evrard. It 
has gradients reaching half an inch to the 
foot. ‘This same system had been in oper- 
ation at Nantes for nine years previous, and 
satisfactory results had been obtained. 


The Popp-Conti System. 


The Popp-Conti svstem which is in use 
in Saint-Ouentin, Angouleme and Lyons, 
France, is described as follows: 

It is a low pressure system and at start- 


ing, the tramway is charged with a suffi- 


AIR 


PIPE LINE IN PARIS, 


cient quantity of compressed air to enable 
it to run for four kilometres, after which 
distance it becomes self-charging, and by 
the following ingenious device. 

Before each waiting station the rails are 
provided with a pipe which is set in the 
hollow over which the wheels pass. That 
causes a smnaller pipe to spring from the 
ground and enter a hydraulic joint placed 
underthe tramway, by which means the 
receivers installed there are connected with 
the underground conduit. The amount of 
compressed air received ina few seconds 
is sufficient to propel the tramway for a 
further distance of four kilometres. This 
done, the little pipe re-enters the ground 
and automatically covered by an iron 
plate, over which men and_ horses alike 
may pass with perfect safety. 

Such prominent engineers as MM. Huet, 
Boreux, Humblot, Petsch, Monmerqué, 
who were present at several tests, 
congratulated M. Victor Popp upon the 
success of his system. 


is 


Ven 
rt 








COMPRESSED AIR. 














LACE dela GARE “PL 


TE 


COMPAGNIE DES TRAMWAYS DE 


na Sy hc 











THE 


The Hughes and Lancaster Car. 


In 1890, Messrs. Hughes and Lancaster, 
of Chester, England, operated a tramcar 
by compressed air at a pressure of 155 lbs. 
to the square inch. The air was carried in 
vessels attached to the car, and the supply 
of air was renewed at intervals on the 
journey byzan automatic valve on the car. 


POPP-CONTI 


SYSTEM, 


A corresponding valve is placed on an air 
main which is laid the whole length of the 
tramway where the road had heavy gra- 
dients, and where the traffic was excep- 
tional they were placed at smaller intervals. 
Air could be taken whenever required. 
This mode of collecting energy en route, 
has its own friends and is said to be eco- 
nomical. 
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THE JARVIS SYSTEM, 


The Jarvis Pneumatic Car. 





At Detroit, Mich., in 1892, inventor 
Samuel E. Jarvis made experimental trips 
with a low pressure car on a mile of track. 
Air was compressed at one end of the line 
and was delivered to a 6-inch main which 
was laid just under the pavement in the 
center of the track for the full length of 
the road. The motor got its power from 
this pipe. The car carried four cylindrical 
tanks. It was able to run at the rate of 
fifteen miles an hour. 

The tanks were charged at street cross- 
ings or other places where it was necessary 
to make stops. 





The Mekarski Car at Toledo, Ohio. 





In 1892, the Consolidated Company at 
Toledo, installed a plant of the Mekarski 
system. The trial trips were made from 
the power house along the principal busi- 
ness street of Toledo, and on tracks used 
jointly by the horse and electric cars, 
where the traffic was heavy. The car rode 
smoothly and offered no objectionable 
features to the public. 

The car would run between eight and 
nine miles without recharging, and was 
handled with ease and promptness, and all 
motions were under perfect control. 
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THE MEKARSKI SYSTEM AT TOLEDO, OHIO, 
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MANNESMANN TUBES RUPTURED UNDER 5,760 POUNDS PRESSURE. 


The Mekarski System at Berne, Switzerland. 


The main line of the compressed air 
tramway of Berne, Switzerland, traverses 
the town from east to west, and measures 
3 kilometres or 2 miles, within which, being 
asingle line, it has eight passing places 
about 66 yards in lengtheach. The ex- 
tensions shown in above map practically 
cover the city, and reaching all the princi- 
pal points of interest or of commercial im- 
portance. At certain points there are 
rising and falling gradients of 5 to 6 per 
cent. and this precluded horse traction. 
Cable traction would have been too costly 
and the same objection applied to under- 
ground electric traction, and the local 
authorities positively declined to allow 
overhead trolleys. Traction by electric 
accumulators was by general consent recog- 
nized as a failure. Under these circum- 
stances, concessions were granted to a 
company using the Mekarski system in 
188g and put in operation. 

Tables of cost show that the cost of 
operating does not exceed 8.9d. per car 
mile. The number of single journeys 
made per day of 14 working hours, is 160, 
equal to about 300 car miles, and the num- 
ber of passengers in the year 1891 being 
3140 per day, or 20 per car journey, Seven 
motors are required; six are constantly 
on the line, and two cars are kept in re- 
serve. Their carrying capacity is about 
28 passengers. 


Mannesmann Steel Bottle Test. 
The public in general appears to have 
the idea that using compressed air stored 
at high pressures on street cars is danger- 


ous. To prove how unfounded is this 
view, one of the bottles or tubes that is 
used in street cars was tested to destruction 
by hydraulic pressure on the roth of 
November last, by Chas. G. Eckstein & Co. 
of New York, at the works of Messrs. Wat- 
son & Stillman of this city. Prof. Jacobus 
of Stevens Institute, conducted the test 
the results of which are given below. 
Among those interested present were Mr. 
Alfred Mannesmann, president of the 
Mannesmann Cycle Tube Co., Adams, 
Mass.: Frank Richards, of the ‘‘ American 
Machinist;’? John J. McCutcheon, Ass’t 
Engr. American Air Power Co.; Rudolph 
Albert, Sup’t Consumers Brewing Co., and 
Dr. Wm. Mettenheimer. 

The bottle was marked off into 7 equal 
parts and the measurements taken with- 
out pressure beginning at the bottom, 
were as follows: 2’ 5 1-16", 2’ 5 I-16’, 27 

210, 2 $e. a § 3 53-42", 2° 
1-32" outside diam. respectively. Length 
‘ 61" over all between perpendiculars. 
Under a pressure of 2500 Ibs. the greatest 
expansion was a little over 1-16"; at 4000 
Ibs. 3-32". When this pressure was removed 
the bottle returned to its original measure- 
ments. At 4350 lbs. the greatest expansion 
was 1%"; at 4550 lbs. 7-32", and the greatest 
permanent set noticed was 6-32’. 

At 5000 Ibs. the length of the bottle had 
increased nearly '%", and the expansion 
was 7-16"; at 5280 Ibs. 5s"; at 5730 lbs. 
13-16". The bottle burst under a pressure 
of 5760 lbs. The fracture was vety clean, 
and not even a minute particle of the metal 
flew. The fracture extended from the neck 
a distance of 2’ 3" down the side of the 
bottle. 
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THE STREET. 


Electrolysis. 


The consensus of opinion is unmistak- 
ably to the effect that electrolysis is a 
danger that must be taken into considera- 
tion when determining the advisability of 
electric roads. Without discussing the 
trouble itself, we simply give as references 
the following authorities who have made 
investigation of this destructive agent. In 
the report of the City Engineer of Boston, 
in 1893, his investigation showed evidence 
of injury resulting from corrosion caused 
by the passage of the return current of 
electric street railways. At the meeting 
of the New England Water Works Asso- 
ciation the same year, C. H, Morse read a 
paper describing the cause and remedy for 
electrolysis of lead and iron water pipes. 
In the transactions of American Institute 
Electrical Engineers, 1894, J. H. Farnham 
contributed a very interesting article, 
proving conclusively that water pipes, gas 
pipes, and lead cables are being destroyed 
by electrolytic action due to the track re- 
turn of electric street car lines. Charles 
A. Stone and Howard C. Forbes discuss 
the same subject, as it occured in Boston, 
with practically the same conclusions in 
the Journal, N. E. W. Association in 1894. 
The results of electrolysis and its corrosive 
action is described by Inspector Stewart, 
of St. Joseph, Missouri, the same year. It 
is so evident, that the American Water 
Works Association appointed a committee 
to recommend preventive measures, and 
received its report at their meeting in 1894. 
A writer in Cassier’s Magazine, April, 
1895, discussed the legal aspects of elec- 
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trolysis, and determined that electric rail- 
ways should furnish whatever is necessary 
to minimize electric corrosion, and would 
probably be held liable for damage. 

The subject has received treatment from 
city engineers and others who are con- 
nected with public works, and who have 
the responsibility of such matters on their 
hands in all parts of the world. 

Electric traction has proved a dangerous 
element in municipal underground work. 
It is a silent destroyer of pipes, and a 
menace to public health, through the 
escapement of gas and sewage. 


Trolley Currents. 


DAMAGE TO THE 
IN BROOKLYN 


WATER AND GAS PIPES 
BY ELECTROLYSIS. 


Fresh attention is being drawn in Brook- 
lyn to the danger to the water, gas and 
other underground pipes through electro- 
lysis, produced through the escape of the 
electric currents in the ground from the 
trolley railroad wires. Both the Brooklyn 
Union Gas Co. and the Edison Electric 
Light Co. have recently been making in- 
vestigations with a view todetermine the 
amount of damage to their plants since 
the trolley lines went into operation, and 
actions, it is said, may be instituted against 
the railroad companies. A few days ago 
it was found that the gas was escaping at 
a point in Classon Avenue, where the pipe 
crossed beneath the trolley tracks at right 
angles, and when taken up the pipe was 
seen to be eaten away for a distance of 
two feet by the electric current. The city 
authorities will probably soon have the 
whole matter made the subject of an official 
investigation. 


New York Sun, Feb 26, 1897 


Aside from the question of economy 
of Compressed Air for Street Railways 
which has been established toa point that 
is exceedingly favorable, it is quite absurd 
to attempt to make any statement of so 
much per car mile or so much per mile. 
The cost varies according to the different 
conditions under which the system may 
have to be applied. For a five minutes 
service it comes to much more in capital 
cost per mile than it would for a ten min- 
utes service, and at the same time it costs 
very much less in working expense per 
car mile. 
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Cost of Operating Air Cars in New York 
City. 


It seems especially pertinent at this time 
to publish a statement of the actual opera- 
tion and operating expenses of the Amer- 
ican Air Power Company’s cars that have 
performed a regular commercial service on 
the 125th St. line of the Third Ave. R. R. 
in New York City, since the 3d of August, 
1896, with a success unparalled in the his- 
tory of mechanical traction. 

The period elapsed covers the extreme 
ranges of temperature experienced in this 
locality, and fortunately also two snow 
storms of more than ordinary severity, so 
that the seven months continuous duty on 
which the following statement is based will 
meet the conditions incident to any street 
railway service. 

The 125th St. line of the Third Ave. R. 
R., extends across town from the North 
River to the Harlem River, the length of 
the tracks being 10,854 feet, making the 
round trip 4.11 miles, over which cable cars 
are operated at intervals of 244 minutes. 
Air cars were substituted for two of these 
cable cars, the schedule calling for 19 round 
trips each, or 79.09 miles per car; for a 
daily service of 156.18 miles besides 1.14 
miles of switching to and from the car 
house and street tracks, making the total 
distance covered daily, 157.32 miles. Each 
car runs from 12.50 to 16.67 miles on a 
single charge of air. 

The switching referred to is unavoidable 
in operating this service owing to the ar- 
rangement of the car-house in relation to 
the street tracks, it being some distance 
from the terminal of the road. 

During a portion of the time, only single 
service was performed, as at present, so 
that the total average mileage per day from 
August 3d to March 3d, was 125.16 miles, 
and the total distance covered, 23,030.5 
miles; and the total number of passengers 
carried, 137,386. The cars have operated 
every week-day, but are not run Sundays, 

The accompanying profile of the 125th 
St. line shows that the grad*s to overcome 
fairly represent average conditions in New 
York. Th: grade from Fort Lee Ferry 
east to the Boulevard being 1.96°, while at 
the New York Central R. R. tunnel cross- 
ing, the maximum grade is 7.77 fora 
short distance, which is just as difficult 
to start the car upon as a long grade of 
the same ascent. 

In the following statement of operating 
expenses, the coal and water items include 


all that has been used at the compressing 
plant during this period, and the labor ac- 
count includes in addition to the operating 
employees, a night watchman, record 
keeper, and also switchman for a portion 
of the time. It must also be borne in mind 
that the fires are kept under boilers for 24 
hours, although the compressor only runs 
7 hours daily. 

Actual average cost per car mile forjen- 
tire period—7 months—125.16 miles per 


day. 

2, RR ears = aes ... §0.0562 
i OO SE OP raed .0103 
Oiland Waste.......... > \<ORmS 
Power Plant Labor........ .1261 
Conductor and ‘Motorman —_.0608 
Repairs car equipment.... — .0038 

$0. 2586 


Average present cost per car mile, while 
one car service performed—78.09 miles’ per 
day. 


RES ose nceig cen icderaes $0.0675 
OURS nia sie ta aiatorel pk es ayenre O113 
Oil and Waste.....:...... 0017 
Power Plant Labor....... 0833 


Conductor and Motorman — .0608 
Repairs, Car Equipment. . 


$0.2284 
Average present cost per car mile with 
two car service—156.18 miles per day. 


SOO Sickie eitiamestnete ... $0.0433 
eA ie ed AT = .0103 
Oil and Waste............ 0013 
Power Plant Labor....... .0833 
Conductor and Motorman — .o608 
POON swiss vo: Sipe es aves .0028 


$o. 2018 

If the proportion of labor actually util- 
ized in this service is considered, the ex- 
pense would only amount to $o.1791 per 
car mile at present. 

Present number of employees, six 
sides conductors and motormen., 

The reason for the present cost of oper- 
ation being lower than the average for en- 
tire period is that the number of employees 
has been reduced in addition to a less air 
consumption by the car. The number of 
employees at present is, however, sufficient 
to operate a fifteen car service, so that the 
proportion of labor charges per car mile is 
still very high. 

Ata recent conference of several engi- 
neers, who investigated the cost of oper- 
ating the American Air Power Co.’s system 
in behalf of a street railway now operating 


, be- 
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a large number of cars at intervals of one 
minute, it was determined after careful 
examination, and agreed that for the items 
above enumerated, the cost per car mile 
would in no event exceed $o0.085, and that 
with a large equipment of cars in service, 
like that performed on 125th St., the cost 
would only be $0.0756 for the same items 
now costing $0.2018, while operating the 
two car service. This would make the 
total operating expense of such a road 
about 12 cents per car mile. 

For the benefit.of any who may not be 
familiar with the operating cost of so small 
a number of cars by mechanical power, 
the following data is furnished: 

In the recently published report of the 
operating expenses of 22 electric roads in 
Connecticut for 1896, the West Shore Street 
Railway Co., West Haven, is reported as 
operating precisely the same mileage, 
namely 4.11, with the same number of cars 
in service, having however only five em- 
ployees, and the average cost of operation 
per car mile is shown as $0.2991. 

In the published report referred to, the 
average cost of operation per car mile of 
the 22 roads given, is $0.1444; and in the 20 
roads having the items of motive power, 
and line repairs given, the average cost ap- 
pears as follows: 

Motive Power, Average 
Line os 


$0.02516 


= 
-00270 


bat 1.03% SH 

The average consumption of free air per 
car mile for the seven months service of air 
cars on 125th St., has been 477.7 cubic feet. 
During the severe snow storm of December 
16, 1896, the cars performed the schedule 
service with promptness and regularity, 
carrying 207 per cent. more passengers and 
using 22% more power that the day previ- 
ous. In coimparing results with an electric 
road in this vicinity, it appears that with 33, 
less service than the day previous, the load 
on the power-plant was about So7 greater. 


RR Wy 


125TH STREET, NEW YORK. 


During the last week, the average con- 
sumption of free air per car mile was only 
414 cu. ft., and many of the trips were 
made on considerably less than 4oo cu. ft. 

The actual cost of compressing air to 
2500 pressure per square inch, and storing 
for use in a modern air compressing plant 
operating with condensing engines in- 
cluding coal at $2.75 per ton, water, at 
$1.00 per thousand cu, ft., oil and waste, 
the removal of ashes, labor, repairs and 
maintenance of power-plant, depreciation, 
and interest on cost of entire power-plant 
including buildings, for compressing plants 
of the following capacities, based on the 
consumption of 2% Ibs. of coal per hour, 
per horse oe for 20 hours per day, will 
not exceed the following figures: 

Cost per 1000 cu. ft. of free air com- 
pressed to 2500 lbs. pressure per sq. in. 

Station Capacity. 


500 cu. ft. per minute........$0.0675 
1000 si si .0571 
2000 i ve -0469 
3000 oF -O419 
4000 = : -0394 
5000 . ) eer. .0375 
6000 an : -0359 
7000 a 0342 
Sooo . ,  omipaiteeiee .0326 
gooo os .0312 
10000 yy ig -0300 


Responsible parties will guarantee that 
the cost will be less than stated, and the 
writer believes that the cost in highest 
grade plants can be reduced fully 257. 

Assuming the average consumption of air 
per car mile can be kept as low as at the 
present time, the average cost of motive 
power per car mile on the above basis, 
would range from $o.0124 to $0.027; or an 
average of $0.0197; and even if 477.7 cu. ft. 
the same as averaged for the past seven 
months in regular service, the cost per 
motive power per car mile, will range from 
f$o.014 to $0.032, or an average of $0.023. 
Placing these figures against the cost of 
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motive power as averaged in the Connecti- 
cut electric roads for 1896, the results seem 
to show considerably in favor of compressed 
air as a motive power. 

This cost of motive power, based on 20 
hours service, does not represent the lowest 
cost that is available for the different 
capacities in the best practice for this reason, 
that in a compressed air plant having sta- 
tion storage reservoirs for accumulating the 
air, the engines can be worked ata uniform 
load at the most economical point of cut- 
off, for say 16 hours after which the engines 
may be shut down and the power-plant 
charges stopped. 

At the 125th St. compressing plant, the 
engine is operated only about 7 hours daily, 
while the cars perform a 12 hour service 
from a 7 hour station duty. 

The process of operating the compressed 
air system on 125th St., is as follows: 

The air is first compressed by a steam 
actuated air compressor, which is com- 
pounded in three stages from which the air 
passes through a cooler and dryer and is 
accumulated in a nest of Mannesmann steel 
flasks which are all connected in multiple 
by a series of headers or manifolds, in 
which stop valves are placed for controlling 
and confining the air to be stored at a 
maximum pressure of 2500 Ibs. per 
square inch. A_ pipe leads from this 
air storage to the car house charging stand, 
placed alongside the track, which consists 
of a copper pipe in three sections, having a 
controlling valve and flexible joints and a 
charging nozzle at the end. All the joints 
and the nozzle are self-packing, so that no 
leakage has occured in the seven months 
service. After the car has been connected 
by inserting the nozzle ina pipe at the side 
of the car track, the charging valve is 
opened and contents of the station storage 
flasks admitted until the desired pressure 
2000 Ibs. per square inch.—is registered by 
the car storage gauge. When the charging 
valve is closed, and a small bleeding valve 
in the charging pipe opened, permitting 
the high pressure air in the short length of 
pipe to escape, at the same time a check 
valve in the car piping closes automatically 
preventing any escape of air, after which 
the nozzle is removed and the car ready for 
another 17 miles service. The entire time 
occupied, including connecting and discon- 
necting in actual daily service, takes less 
than 2 minutes, and has been done in less 
than 1 minute in numerous trials. 

At the same time the car is being charged 
with air, another nozzle is introduced to 


the heater connection, and live steam from 
the boilers is admitted, until the tempera- 
ture registered is about 300 degrees Fah- 
renheit. 

The air storage reservoirs on these cars 
have a capacity of 51 cu. ft., sufficient to 
run the car 18 to 20 miles continuously, or 
from 14 to 17 miles, making the stops in- 
cident to ordinary street railway service. 
A larger capacity could readily be installed 
on the car, giving it ample power to run 
20 miles with a reserve. The reservoirs 
consists of seamless steel flasks capable of 
standing a pressure of double that used 
without reaching the elastic limit of the 
metal and with no possibility of leakage. 
They are gin. in diameter and of varying 
lengths adapted: to their location under the 
seats and the car floor. Between the flasks 
and the motor is placed a small tank con- 
taining 6 cu. ft. of water which is heated as 
before described. The tank is jacketed with 
non-conducting material preventing exter- 
nal radiation. This provides not only against 
loss of heat, but also against any perceptible 
rise in the surrounding atmosphere, so that 
no discomfort can arise from it. 

Numerous trials have proved that the ap- 
plication of heat as employed in this system 
enables the cars to run nearly double the 
distance that cold air will carry them. 

In operation, the compressed air, after 
passing through a reducing valve and being 
lowered to 150 pounds to the square inch 
(the working pressure), circulates freely 
through the hot water, and a mixture of 
heated air and vaporized water passes to 
the motors, working expansively, the ter- 
minal pressure being so low as to cause no 
sound in exhausting the air. 

The motor mechanism consists of two 
simple, link-motion, reciprocating engines 
having cylinders seven inches in diameter 
and fourteen inch stroke, with valves cut- 
ting off at from 1-10 to 1-6, and applying 
the power by connecting and paralled rods 
direct to the crank pins of the drive wheels 
which are four in number, twenty-six 
inches in diameter, running on a wheel 
base of seven and one-half feet. Upon this 
four-wheeled truck rests the entire weight 
of the car and mechanism, evenly dis- 
tributed upon elliptic springs, enabling the 
car to pass much more smoothly over bad 
track and crossings, than an electric car 
(on which the motors are a dead weight 
upon the axles) besides being a great saving 
in wear on the rails at the joints, and on 
the rolling stock. 

The mechanical features of the motors 
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THE HARDIE MOTOR CAR, 1897, 


are substantially identical with those of a 
steam locomotive, minus fire box and 
boiler, which in point of perfection in 
mechanism as a moving power is too well 
known to need any comments. 

The manipulation of the car is simplicity 
itself, requiring no special skill or training 
to handle with perfect facility, and capable 
of being moved in either direction as little 
as two inches. 

It is perfectly noiseless, odorless, and en- 
tirely free from any other offensive feature, 
sending neither smoke nor steam into the 
air. It responds to the starting and stop- 
ping devices with remarkable promptness, 
operating without any jerks or jars. 

This feature of easy and perfect control 
seems tome to be the most vital point in 
its relation to the public; as in other re- 
spects (freedom from the element of dan- 
ger to the public as a manifestation of 
power), its non-hazard superiority is easily 
demonstrated. The ease and infallibility 
of control excels that of any other system 
known to the writer for street railways, 
and can never fail so long as the car has 
ability to move. 

The car is fitted with specially designed 
air-brakes of sufficient power, with the 
high-pressure air always at command, to 
set the wheels instantly if desired, by a 


r 


single wrist movement of the motorman. 
Upon releasing the brakes there is an en- 
tire absence of noise of any kind from 
either the mechanism or escaping air, 
which is so noticeable and annoying with 
air-brakes generally. 

The same lever that releases the brakes, 
operates, bya slight advancing movement 
on the quadrant to open a by-pass admis- 
sion of the compressed air, directly into 
the cylinders of the motors, enabling them 
to start easily and positively, whatever the 
position of the cut-off valves may be, and 
preventing any possibility of being stopped 
on ‘‘dead centres,’’ after which the throttle 
is opened, This ability to start so promptly 
and surely under all conditions, is a feature 
possessed by no other reciprocating motor, 
and the inability to overcome this difficulty 
has been one of the principal causes of 
failure in kindred types of motors hereto- 
fore exploited. The application of the 
principle of a by-pass admission of air into 
the cylinder, seems to be confined exclu- 
sively to the motors of the General Com- 
pressed Air Company, and is of the greatest 
importance, materially affecting the eco- 
nomic operation of the motors. aside from 
assuring their infallibility in starting. 

The entire system embodying the me- 
chanism and method of developing and 
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applying the power, forthe purposes under 
consideration, consists of simple, practical 
devices, operating on the most approved 
principles, from which all offensive and 
uneconomic features have been eliminated 
and better fulfilling the requirements of an 
ideal means of street car propulsion than 
any other within the writer’s knowledge. 


EDWARD E, PETTEE. 
March 15, 1897. 


Air Power Reflections. 

Compressed air is speaking daily for it- 
self, through the various machines in 
which it is used. The physical part of 
man is itself only a machine which uses 
air. Sir John Lubbock says, “Men, like 
trees, live in great part on air;’’ and Oliver 
Wendell Holmes says, ‘‘ Laughter and tears 
are meant to turn the wheels of the same 
sensibility, one is wind-power and the 
other is water-power.”’ 


from the rail: at the moments of rest to 
work an air pump tostore air to stop the 
train. The only reason air is used to stop 
these trains is because mechanical exper- 
ience has proven that there is nothing 
better than air for that purpose, and in my 
opinion, the only reason why air ‘is not 
used to start the trains is because it has 
never yet been tried. Wherever air has 
been used it gives satisfaction. There is 
no more economical power distribution 
than by compressed air, for the reason 
that this power once made it can be saved 
in storage pipes and reheated at time of 
using, which gives an advantage over elec- 
tricity. In storing air in pipes and reser- 
voirs there is little waste and scarcely any 
depreciation in material. The fact that 
air is good for small machines is equally 
true of large machines, and its uses are 
being extended from day to day, until 
there are many who believe that in the 





JUDSON AIR CAR 


Man’s motive power is air. He breathes 
40 times a minute. Hardie’s motor takes 
a breath every 13 or 17 miles of travel, 
using air at a constant of a little over 100 
lbs. pressure and stores it for convenience 
at 2000 lbs pressure. 

Air has never, to my knowledge, been 
tried and found wanting. It has been used 
from the earliest days more prominently 
to propel ships and work wind-mills, and 
for other pnrposes, but its first general 
application, which brought it prominently 
to the public notice as a mechanical force. 
was its adoption in the Westinghouse and 
other air brakes. It was strange that this 
did not suggest the thought that what was 
good to stop the train was equally good to 
start it. And it is a curious fact that even 
at this late date the electric trains upon 
the elevated roads in Chicago, which are 
propelled by electricity, use the current 


AND TRAILER, 


near future air will be commonly supplied 
throughout cities in the same manner as 
water and gas. peat aa 

The fact that electricity has been taken 
up so prematurely by street railways has 
given it undue prominence as a power dis- 
tributor, and has crowded out of notice its 
less pretentious ally—compressed air— 
which has been gradually introduced into 
service upon the steam railroads, in shops, 
mines and general mechanical work, until 
it is a question whether there is not fully 
as much power conveyed to-day by com- 
pressed air as by electricity, though the 
air is used in out-of-the-way places where 
its growth has not been remarked. 

My attention was first directed to com- 
pressed air in 1888 at the Minneapolis Ex- 
position, where I saw a small car 22 in. 
long and 8 in. wide, which was operated by 
levers placed ina trench between a small 
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circular track laid out on a table. Move- 
ment was imparted to the car by a lever 
which seized a triangular cam, and in 
making half a revolution passed the car on 
16 feet. This cam was attached to an ap- 
paratus, which was connected to the car 
through the slot, and when one lever let 
go another lever took hold, and so on. 
What surprised me was that the air power 
which operated the cylinders that moved 
the cam levers was conveyed in a lead pipe 
not larger than a lead pencil, and the hole 
conveying the air was no larger in diameter 
than the lead of an ordinary pencil. 

On this car I sawa man who weighed 
229 lbs., and who was carried around this 
track at speed. To hold on to the car it 
was necessary for him to kneel down with 
his feet hanging over one end of the car. 
This exhibition suggested thoughts of the 
power of air, which I had only considered 
in a general way up to that date. 

In 1891, principally through the efforts 
of a party of friends in Chicago, a geared 
motor car was built at Pullman and a 
charging device constructed by which the 
car was automatically charged while pass- 
ing over a specially constructed pit. Air 
in this motor was only used at igo lbs. 
pressure, and the motor travelled 4% miles 
with one charye of air. These patents are 
now all owned by the American Air Power 
Co., but Robert Hardie’s experience has 
proved that air at high pressure is easily 
and safely handled, and possesses many 


CAR NO. I, 


commercial advantages which recommend 
it above the use of low pressure. 

During the construction of the World’s 
Fair Buildings at Chicago, a proposition 
was made by the parties interested with 
me at that time to construct the intermural 
railroad in the fair grounds, and operate it 
with compressed air. The proposition was 
to charge only 5 cts. fare, and divide the 
profits after the structure was paid for. 
The electric people, however, controlled 
the situation and made a contract to charge 
10 cts. fare and give the World’s Fair 
people half from the start, which was more 
to their liking, and therefore compressed 
air was turned down, or it would have made 
its advent as a motive power in this coun- 
try at an earlier date than it has. Subse- 
quently I had the good fortune to form 
the acquaintance of Mr. Robert Hardie, 
whose knowledge and practical experience 
in the use of compressed air at high pres- 
sures, and whose ability as a mechanical 
engineer impress all who come in contact 
with him, and are borne out by the great 
merit of his devices I was much im- 
pressed by Mr. Hardie’s plans, and was 
one of the humble instruments in bringing 
together the combination which joined in 
putting Mr. Hardie’s inventions before the 
notice of the public. 

The merits of Hardie’s inventions class 
him inthe foremost rank of the inventors 
of this century. Allof his promises have 
been more than fulfilled, and his knowledge 
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and experience were the one thing neces- 
sary to perfect the motor up to the severe 
requirements of the street railroads of the 
present day. Motors constructed under 
his supervision have been practically tested 
by the combination represented by the 
American Air Power Co. for the last three 
years, and latterly two of them have per- 
formed daily schedule on 125th Street 
since August 3rd, last. In every respect 
they have fulfilled the most sanguine ex- 
pectations, indeed surpassed them, and two 
of them have travelled about 24,000 miles 
and carried about 140,000 passengers with- 
out serious delay or accident. 

Compressed air in this field proves it- 
self equal to any and all emergencies. It 
is nature’s prominent force, which she 
uses to stir the heavy waters of the ocean 
and prevent their stagnation, or to perform 
lighter service, such as to carry seeds. It 
is the natural ally of steam to distribute its 
force. It is not as wasteful as electricity 
nor as destructive. It is one of nature’s 
vehicles of motion. What can man do 
better than to imitate nature? 

HENRY D, COOKE, 


The Anniversary of “Compressed Air.” 


In this number we set forth in as brief a 
manner as possible, a complete record of 
historical events concerning air power for 
street railway traction. The many at- 
tempts to gain recognition tor compressed 
air as a traction power have been met with 
more or less suspicion or apathy. 


MO’ 


TOR, 1879. 


It seeks to be a competitor of other great 
powers and it certainly deserves that con- 
sideration. Steam and electricity have 
earned an honorable place for their good 
service. Compressed air is also capable of 
good service, and the more good things we 
have to choose from the less danger there 
is of being deceived. 


We aie indebted to Mr. J. S. Hickey, 
superintendent of the Anaconda Copper 
Mining Company, for the following infor- 
mation in regard to Whitewashing 
Machines. 

David Paterson, foreman of the U. P. R. 
R. shops, Salt Lake City, Utah, is the in- 
ventor of a whitewashing machine to be 
used with compressed air, and it is first- 
class. 

Parties interested in these machines 
would do well to communicate with Mr. 
Patterson at the above address. 


Earth, air, fire, water, electricity, con- 
tend which shall render the greatest ser- 
vice to man and enjoy the foremost place in 
the continual triumph of nature and art. 
In the single matter of locomotion, earth 
first was foremost, and man trudged, rode 
and drove. Then water had its turn, and 
man paddled, rowed, sculled, drifted, or 
with earth’s aid, was punted or pulled. 
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Then airlent a wing, and the sail carried 
him across gulfs and oceans. Then fire, 
or rather steam, the child of fire and water, 
enabled him to beat the winds and currents, 
first on water then on land. 

At this time we can hardly see by what 
infatuation we land lubbers allowed the 
stormy ocean to take the lead of /erra 
Jjirma in the use of steam for locomotion. 
We were actually laughing at the pre- 
judices of old skippers, when we had not a 
thought of steaming by land. But steam 
came on land and made rapid advances, 
and it now almost encircles the globe. 
Electricity appeared a dominating spirit, 
whose incipient’ strengths no man knows 
But it stands an accomplished fact. 

Now comes a new move, and no man 
can foretell the end, though it begins 
timidly and awkwardly. Air is now the 
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It comes upon the scene with 
much modesty, as if knowing itself to be 
suspected of wildness, treachery and ca- 


performer. 


It only asks to enjoy the privileges 
of competition. It operates in strong steel 
tubes and stately carriages. It wants the 
bridle not the whip. We have only to 
raise the wind and the process is easier in 
these days of mechanical perfection. The 
wind once raised it, will go as we direct. 
It isa prisoner in vaults of safe deposit, 
and as it escapes it propelsthe car. It is 
so simple that when the system is once put 


price. 


in operation, everybody will ask why this 
has not been done before. Air power has 
been held in abeyance, but it must come 
to the front. 
pressed engineering, but an era of enlight- 
enment, and of knowing a good thing when 


These are not times of de- 


you see it. 
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The Snow Steam Pump Works, 
Pumping Engines, 
Water Pumps 
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The only Pressure Regulator satisfactorily 
controlling High Initial Air Pressures. 
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MOTORS yet tested 


FOSTER ENGINEERING CO., 


NEWARK, N. J. 














4 COMPRESSED AIR. 


Keller Pneumatic Stone 
and 


Parts Metal 


4. Inlet prece 


























2. Cylin der 
3. Hammer 


e 
9. Hammer Washer 
5. Leather Washer | | ) 
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Absolutely Valveless. 
Patented November 12. 1895. 
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with other tools 





have been made. 


Write for Circular and List of Parties Using this Tool. 
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\. MH. HAESELER CO., 


1026-1030 Hamilton Street, - -  - Philadelphia, Pa. 


“Phoenix” Pneumatic Drills, Reamers and Tappers,, Breast Drills, Hoists, Compressors, 
Sand Sifters and Motors. 


Everything in the line of Pneumatic Equipment. 
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Write for Circular and List of Parties Using this Tool. 


MANUFACTURED BY 


i. @. BAZSELER CO., 


1026-1030 Hamilton Street, - - ‘ Philadelphia, Pa: 


“Phoenix” Pneumatic Drills, Reamers and Tappers,, Breast Drills, Hoists, Compressors, 
Sand Sifters and Motors. 


Everything in the line of Pneumatic Equipment. 
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— ON ADMIRALTY AND WAR OFFICE LISTS.— 


&MANNESMANN TUBE Cs Le 


Lanpore R.S.0. SoutTH WALES. 
LARGEST MANUFACTURERS OF WELDLESS STEEL TUBES. 


SPECIALLY ADAPTED FOR HIGH PRESSURES. > STEAM,GAS AND|S 
HYDRAULIC TUBES |© 


AND 
BORING BARS 
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MADE FROM OUR 
WELDLESS TUBES 
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CYCLE TUBES 


J. B. McILWAINE, 


SOLE AGENT FOR AMERICA, 


NEW YORK OFFICE: 


122 Chambers Street, New York. 
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W. A. CROOK & BRO.’S CO., 


Manufacturers of 


Improved Hoisting Engines, 


FO PILE DRIVING, RAILROADS, BRIDGE 
BUILDING, MINES, QUARRIES, COAL 
etianaiad HOISTING. AND BUILDING PURPOSES. 


BUILT ON THE DUPLICATE PART SYSTEM. 





OVER 350 SIZES AND STYLES, 
Log Hauling by Steam and Suspension 
Cableways. 
BOSTON OFFICE: 
47 Pearl Street, cor. Franklin. 
MAIN OFFICE AND FACTORY: 
117-123 Poinier Street, Newark,N.J | 


SALESROOM : FE 
143 Liberty Street, - New York. 


CAMERON STEAM PUMPS. 





Simple, 
Compact, 
Durable, 
Efficient. 


No Outside Valve Gear. 


Adapted to Every 
Possible Duty.» 








Manufactured by 


THE A. S.° ‘CAMERON STEAM ‘PUMP WORKS, 
FOOT EAST 234 STREET, NEW YORK. 
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Water Pumped by Compressed Air. 








POHLE AIR LIFT PUMP IN OPERATION. 


THE INGERSOLL-SERGEANT DRILL CO., 
PNEUMATIC DEPARTMENT, 





: em 


THE 


NGINEERING 
MAGAZINE 


AN INDUSTRIAL REVIEW 


The Engineering Magazine has been aptly described as 
“ The Century of the industrial wortd and the Review of 
Reviews to engineering literature —the two in one.” Its 
leading articles treat the subjects uppermost in importance 
in industrial affairs. Its contributors include the foremost 
men of our times. It gives each month an. exhaustive 
Review and Index to the woild-wide range of technical 
literature — American, English, French, and German. It 
is read in every nook and corner of the civilized world. It 
is founded upon the idea of meeting the requirements of the 
busy and brainy men who manage, think, and plan for the 
engineering. architectural, electrical, rvilroad, mining, and 
mechanic: |! industries. It has a larger bona-fide circu- 
lation among such men than has eas been attained by an 
engineering journal in all the history of industrial literature. 
It is priceless to the active man who neecs to keep in touch 
with current developments. Its every page carries a living 
interest for inte!ligent readers who are in any way con- 
cerned with modern industrial enterprises. Its subscribers 
are its warmest advocates and the Magazine itself is its 
best solicitor. Sample copy /ree 


30 Cents a Number; $3.00 a Year. 
THE ENGINEERING MAGAZINE, 
{20-522 Liberty St., New-York, U.S.A. 
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SIPLEATIT STS TUT 


HAVEMEYER BUILDING, . - - ' 


NEW YORK, 


Compressed Air. 


Practical information upon Air-Compression 
and the Transmission and Application 
of Compressed Air. 


By FRANK RICHARDS. 12mo, cloth, $1.50 


John Wiley & Sons, New York. 


JAMES McCARTNEY, 


Contractor and Builder, 
1199 FULTON AVENUE, 


NEW YORK. 





Patents, Trade Marks, Designs. 
Searches as to Novelty; Reports on Infringements; 
Patent Matters Exclusively; 15 Years Experience, 
Refers to Publishers this Magazine. 
FRANKLAND JANNUS, 
Attorney-at-Law, Atlantic Bld., Washington, D. C. 





Always have Title Examined before Investing in 
Patent Property. 
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HOGAN WATER TUBE BOILERS 











PERFECT IN DESIGN. 
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Always give entire satisfaction. Combines every desirable feature in 











boiler construction and design. 


SAFE, EFFICIENT, DURABLE, FREE FROM SCALE on heating 
surfaces. Has POSITIVE and CONTINUOUS CIRCULATION. Need 


no feed water heaters or steam separators. 
Delivers all steam above the water line. 


The WATER LINE is STEADIER than can be found in ANY 
OTHER WATER TUBE BOILER. 


Manufactured by 


HOGAN BOILER COMPANY, MIDDLETOWN, N. Y. 








COMPRESSED AIR. 9 


McNAB & HARLIN M’FP’G CO., 


MANUFACTURERS OF 


BRASS COCKS, 


PLUMBERS’ BRASS WORK, 


Globe Yalves, Gauge Cocks, Steam Whistles and Water Ganges, 


WROUGHT IRON PIPE AND FITTINGS, 


Plumbers’ and Gas Fitters’ Tools, 


No. 56 JOHN STREET, - NEW YORK. 


Factory, Paterson, N. J. 


Wheeler Condenser & Engineering Co. 


120 & 122 LIBERTY STREET, NEW YORK. 


SURFACE 
sina CONDENSERS 
MARINE Mounted on 
and Combined Air 
STATIONARY ont 
Circulating 
SERVICE. Pumps. 





PROPRIETORS AND MANUFACTURERS OF 


WHEELER STANDARD SURFACE CONDENSER; WHEELER ADMIRALTY 
SURFACE CONDENSER; WHEELER LIGHTHALL SURFACE CONDENSER; 
VOLZ PATENT SURFACE CONDENSER AND FEED WATER HEATER; 
EDMISTON PATENT FEED WATER FILTER. 


WHEELER’S PATENT FEED WATER HEATER. 
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BD Pad 


Established 
L1SSs. 


HH 





"The 


. & G. COOPER CO. 


MT. VERNON, OHIO. 


CORLISS ENGINES. 


CoMPOUND. 





TRIPLE EXPANSION. 
SINGLE CYLINDER. 


Of all sizes up to 3,000 





Horse-power. 
— FOR — 
FACTORIES, RAILWAYS, ELECTRIC LIGHTING, 
ROLLING MILLS, AND ALL KINDS 
OF MANUFACTURING. 





CORRESPONDENCE SOLICITED. 
HOME OFFICE: MT. VERNON, OHIO. 
NEW YORK: Room 1022 Havemeyer Building, F. W. IREDELL, Mgr. 
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* PULSOMETER S23! 
“The Contractor’s Friend.’ 


OFTEN IMITATED—NEVER EQUALED. 
OVER 20,000 IN USE. 





Recent Important Improvements. 







The Handiest, Simplest ‘ail Most Efficient Steam Pump for 
\ General Low Service Mining, Quarrying, Railroad, Irrigating, 
@ Drainage, Coal-washing, Tank-filling, Paper Mill, Sewer and Bridge 
@ Contractors’ Purposes, etc., etc. 


Muddy or gritty liquids handled without injury to the Pump. 





PULSOMETER STEAM Pump Co. 


Catalogue on Applica ion. —~ Correspondence Solicited. 


135 GREENWICH STREET, NEW YORK. 


ase 


ANDERSON PIPE CUTTING TOOL. 


. Cuts 1% to 24 inch. Pipe. 


CONTRACTORS’ SUPPLIES 


OF EVERY DESCRIPTION. 


Co. mB. WrCRe Bert, sr. 
I35 GREENWICH ST., NEW YORK. 


WRITE FOR WHAT YOU WANT. 











Do You Roast Your Ores? 
- « » LOU CAN SAVE... 


FUEL LUST UF REPAIRS AND LABOR, 


USING 


The Ropp Straight Line Furnace, 


FOR SALE BY 


PARKE & LACY CO., 








21 & 23 Fremont Street, San Francisco, Cal. 
SOLE LICENSEES. CATALOGUE UPON APPLICATION. 


BOILERS AND ENGINES. 


BOILERS—sraTIONARY RETURN 
TUBULAR; WATER TUBE, LO- 
COMOTIVE, VERTICAL, SCOTCH 
MARINE. BOILERS ON WHEELS 
OR SKIDS. 


ENGINES—nwiIGH — MoDERATE— 
SLOW SPEEDS—HORIZONTAL— 
VERTICAL-SINGLE AND DOUBLE 
COMPOUND AND TRIPLE EX- 
PANSION. 





STEAM PLANTS SPECIALLY ADAPTED FOR DRILLING AND 
MINING MACHINERY. 


PIERCE & MILLER ENGINEERING CO., 
- % CORTLANDT STREET, NEW YORK CITY, N, Y. 














COMPRESSED AIR, 13 


American 
Aur 


Power Co. 











Air Power for Surface and Elevated 


Railways 


and Industrial Uses. 








E. A. WILLARD, President. 
EDWARD COMSTOCK, Vice President. 
HENRY MARQUAND, Treasurer. 
SAMUEL LEE, Secretary. 

HENRY D. COOKE, General Manager. 
E. E. PETTEE, Engineer. 


DIRECT ORS: 


A. W. SOPER. EDWARD COMSTOCK. 
HENRY MARQUAND. K. S&S. PALMER. 
EUGENE L. BUSHE. GEN. AUSTIN LATHROP. 


ALLAN C. WASHINGTON. D. D. PARMLY. 


160 BRORDWARY, NEW YORK. 


CasLeE ApprEss:—AIR POWER-NEW YORK. 
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THE FIRM OF 


Wm. Wolstoncroft’s Sons & Co., 


(FRANKFORD ) PHILADELPHIA, PA. 


ARE now manufacturing both a VALVE and VALVE- 

LESS Hand Tool for Cutting and Carving Marble, 
Granite and Stone, Chipping Metals and all classes of 
Caulking. The latter is THE SIMPLEST AND MOST 
EFFICIENT tool in the market, and is composed of TWO 
PIECES ONLY. 

It is less liable to get out of order than any tool in 
the market and is not in conflict with any Pneumatic 
Tool Patent. 


The prices are right and efficiency is guaranteed for 
five years. 


Tools sent to responsible parties for 30 days trial. 











tT STEAM AND AIR DRILL HOSE A SPECIALTY. 
THEEMIANHATTAN 2g usa 

RUBBER MF’G CO. 
ax 










Steam Packing, 
Pump Valves, 
Air Compressor Valves, 





‘“ERn 
Rubber " 
Belts, 
Car 
Springs, & 
Gaskets, ‘ 
Suction FRANK CAZENOVE JONES, 
Hose, PREB’T AND GEN’L M’G’R, 


Emery Wheels, 
ALL KINDS OF MECHANICAL RUBBER COODS. 


Factories: General Office and Salesroom : 
Passaic, N. J. (onD.L.&W.R.R.) 64 CORTLANDT ST., NEW YORK. 


SENO FOR ILLUSTRATED CATALOGUE. 





mLectric blastime-. 





vicTOR CUECTRIS FUSE 


Victor Electric Platinum Fuses. 

Superior to all others for exploding any make 
of dynamite or blasting powder. Each fuse folded 
separately and packed te neat paper boxes of 50 
each. All tested and warranted. Single and 
double strength, with any length of wires. 


“Pull Up” Blasting Machine. 
The strongest and most powerful machine ever 
made for electric blasting. No. 3 fires 30 holes. 
No. 4 fires so holes. No. 5 fires too holes. They 
are especially adapted for submarine blasting, 
large railroad quarrying and mining works. 


Victor Blasting Machine. 
No. 1 fires 5 to 8 holes; weighs only 15 Ibs., 


: adapted for prospectling, stump blasting, well 
sinking, etc. 








STANDARD ELECTRIC FUSE AND BLAST TESTER, WIRE REELS (New 
Design), LEADING AND CONNECTING WIRE. 


MANUFACTURED ONLY BY 


JAMES MACBETH & CO., 128 Maiden Lane, New York City 




















High Duty Corliss Cross 
Compound Condensing 
«gp Air Compressor. 


A Compressor of this type may be seen in operation at 100 Greenwich Street, 
New York, furnishing Compressed Air at 2,500 Ibs. pressure. 





Class E Air Compressors for Light Duty. 


THE INGERSOLL-SERGEANT DRILL CO., 


HAVEMEYER BUILDING, NEW YORK. 








